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(54) Foldabietube 

(57) A foldat^le tube comprises a wan in which at 
least three elongate relativety f lexSsle areas are present, 
which areas fcym plastic hinges which define a wall sag- 
m«il that can be folded inwaidly to bring the tube Into a 
oorrtracted shape. 
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Description 

Badcyoundofthelrycntion 

[0001] The invention relates to a IbldaNet^ ^ 
a method for placing 8udi a tii>e in a tulMlar cavHy. 
[0002] It is known to fold flexUe hoses into a flattened 
shape in order to factlHaie easy storage, for example by 
reeling the flattened hose around a small diameter reel- 
ing drum. 

[0003] It is also known to insert weatubulars in a con- 
tracted position into a weibore and to e}9>and the tubu- 
Iv downhole at the locatfon where the tubular is to be 
used. Soviet patent spedfication Sl>€33825 cisdoses 
the use of an initiaRycomigated tube which laaiqpanded is 
downhole Mo a tubular shapa Intemalional patent 
appficalioa pti)licatfon No VyO 97A)6345 dscloses the 
use of anejd3le well tubular which is foUed into a kidney 
shape during its descent through the weSbore and 
wNch is inflated downhole to bring the tubUar into a 20 
' cyfindrlcal shape, whereafter the tilxiar is polynfierised 
to provide a welt casing. This known tUbulw has an Y- 
shape and serves to provide a seal at the junctton 
between a main well and a branch well DisackAntages 
of these known expandable corrugated and fleodbto fold- ss 
Mb tubes are that they need to be relatively tNn to 
aflow an easy expansion within a borehole or other cav- 
ity and that the shape of the unfolded tube is not well 
defined. 

[0004] It is an object of the present invention to allevi- 30 
ate thecRsadvantages of the known foldabie tubes and 
to provide a foidable lube which can be foktod and 
unfolded relatively easily but which generates an 
expsided tte which is robust and whfoh has a weB 
defined tubular shape. ^ 

SiinwmarYofthelnventfan 

[0005] The foldabie tube accordng to the inventfon 
comprises a tubular wall having at least three efongate 40 
relatively fleodble areas where the wan is more fteodble 
than other areas of the wall whfoh areas are oriented in 
a substanfially paraflel direction relative to each other 
atong at least a sUbetantial part of the length of the tube 
so that in use said areas fdrm plastfo hinges which 45 
define a wafl segment that is inwardly foldabie to bririg 
the tube into a contracted shape. 
[0006] An advantage of the use of plastic hinges in 
accordance with the present inventfon is that they fock 
the unfolded tube in its tLiular shape and that the tube so 
can be made cheaply by creating the plastfo hinges in 
the widl of a tube which has. apart from the plastfo 
hinges, a sbnilar wall strength and thfokness as a oon- 
ventfonal tube that wouki normaDy be used in the same 
situatfon. ^ 
[0007] It is preferred that said relatively f lexfole areas 
are formed by trough-shaped grooves in the wall of the 
tube, which grooves are oriented vt a parallel or helical 



direction relative to a fongitudinal axis of the tube. 
[0008] Altematively the relatively weak areas are 
formed by mutually parallel axial or helical rows of 
holes. These holes may pass through the wall of the 
tube or extend only partially into the outer or inner sur- 
face of the waB of the tube. 

[0009] It is also preferred that at least one set of four 
grooves is ananged in the wall of the tube such that 
each set of four grooves defines a tube segment that 
can be fofoed as a U-shaped recess inwardly into the 
tube. The skies of saki U-shaped recess may even be 
folded towards each other in a delta-shape and the t^DS 
of the recess may be brazed tog ether to fix the tube in 
its fokfod shape until a relalively low tensfon force fo 
exerted to the brazed Joint 

lOOlO] The tube can be folded to a high degree of con- 
traction if two sals of tour gfoovea are ananged sym- 
metricaly at opposita skies of the tube such that upon 
fbkfing of the tube two delta- or U-shaped recesses are 
fomned at opposite skies of the tube. 
[0011] If the tube needs to be foktable to a less high 
degree of oontractfon then a single groove or a plastfo 
hinge formed by a tubule may be ananged at one skfe 
and a set of flour grooves at an opposite sfoe of the inner 
wan of the tube. 

[0012] The latter errbocftnent of the tube according to 
the invention can be used as a wefl liner at the ftmtfon 
between a main well and a branch well if a branch tube 
is secured around a window in the waB of the tUbe 
t)etween safo single groove arxS an ac^acent groove of 
s^ set of four grooves at sakJ opposite ade of the tuk>e. 
[P013] In that case the tube is fowered through the 
main well towards the junctfon after fofcling the tube into 
Hs contracted shape. At the junctfon the tube Is then 
expanded such that the branch tube Is pushed into the 
entrance of the branch weB. 
[0014] The tube according to the present inventfon 
can be made of any materia whfoh is plastfoally detomn- 
able such that the tube does not break as a result of the 
fokfng and unfoking operatfons. 
[0015] Suitable materials are steel in partfoularfomv 
abie steel grades such as high strength Igmv aBoy steels 
and dual phase steels, and plastfo materials such as 
poiypropylene and polyvinylcNoride. 

Biief dflscripBon of the drairtnos 

[0016] The ^entkxi witt be described in more detail 
and by way of example with reference to the accompa- 
nying drawings, inwtiich 

Rg. 1 is a crossraxial sectfonal view cf a foklable 
lube according to the inventfon whfoh comprises 
two sets of four grooves in the inner wall of the tube; 
f=ig. 2 shows the tube of Rg. 1 at a somewhat 
reduced scale vvherein the tube is fdkled into its 
contracted shape such that two U-shaped recesses 
are formed at opposite sfoes of the tube; 
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Rg. 3 is a cross-a»aI sectional view of an alterna- 
tive entxxfiment of the foMabUe tut)e according to 
the present invention wherein a single groove fe 
present at one side and a set of four grooves is 
present at an opposite side of the tube: s 
Rg. 4 shows the tube of Fig. 3 at a somewhat 
reduced scale v^^erein the tube is folded into its 
contracted shape such that a U-shaped recess is 
formed at the upper side of the tiA)e; 
Fig. 5 is a cross-axial sectional view of a foidable io 
ttlM according to the invention inside a wen 
wherein the tube is provided with a branch tii^e 
w»M is inserted into the entrance of a branch wea 
upon downhole expansion of the toidable tube; 
Fig. 6 is a aoss-axial sectional vfew of a foldable rs 
tube according to the present invention with a U- 
shaped recess at one side and a Nnge provided by 
a tubule at the other side; 

Fig. 7 is a cross-axial sectional view of a foldable 
tube according to the invention which conprises 20 
trree axial grooves at one side of the tube; 
Fig. 8 is a cross-axial sectional view of a foldable 
tube accortfing to the present invention where the 
folded tube and the U-shaped recesses have a 
delta-shape: and ^ 
Fig. 9 is a cross-axial sectiona) view of a foldable 
tube according to the present invention where 
delta-shaped recesses are present at both sides of 
the tuba 

30 

Dflteited descr ipton d tha invention 



100171 Referring to Fig. 1 there is shown a foldable 
tube 1 which corrprises two sets of axial trough-shaped 
grooves 2-9 in the inner wan of the tube 1. ^ 
[00181 Rg. 1 shows the tube 1 in Hs unfolded cylindri- 
cal shape and the grooves 2-9 each have a similar 
depth and width. One set of tour grooves 2-5 has been 
machined into the inner wait at the ipper side of the 
tube 1 and the other set of four grooves 6-9 has been 40 
machined into the inner waO at the lower side of the tii)e 
1. such thalthe two sets of grooves 2-5 and 6-9 a re 
syiTwnetrical relative to each other. The distances 
between the grooves 2 and 3. the grooves 4 and 5, the 
grooves 6 and 7 and the grooves 8 and 9 are equal to 45 

each other. 

100191 Furthermore the cfistance between the grooves 
3 and 4 IS equal to the distance between the grooves 7 
and 8 and the distance between the grooves 2 and 9 is 
equal to the dstarKa between the grooves 5 and 6. so 
[0020] The symmetrical anangement of two sets of 
lour ^ooves 2-5 and 6-9 enables the tube 1 to be folded 
such that the wall segments between the grooves 3 and 
4. 7and8. 5and6and2and9are moved inwardly 
towards the centre 11 of the tube 1 as Hkistrated by ss 
arrows 10 and the tube 1 obtains its contracted shape 
as is shown In Fig. 2. 

[0021] Fig. 2 shows how the relatively thin parts of the 



tube 1 adjacent to the grooves 2-9. where the wall thick- 
ness is smaller than the waD thictaiess of other parts of 
the tL^ 1 . act as plastic hinges during the folding pro- 
cedure. 

IP022] As a result of the hinging action the grooves 3. 
4 and 7 and 8 open up whereas the grooves 2. 5. 6 and 
9 are largely closed so that a first U-shaped recess 12 te 
lonned at the upper side of the tube 1 and a second U- 
shaped recess 13 is formed at the lower side of the tube 
1. The folded tube 1 shown in Rg. 1 has the shape ol a 
rivet wNch has a significantty smaller outer width than 
the inn& width of the unfolded tube shown in Rg. 1. 
Therefore the folded tube can be moved easily through 
the bore of a conduit or underground weS, even through 
narrow passages formed by valves and sharp curva- 
tures. 

[0023] Rg. 3 shows an attemative embodiment Of the 
foldable tube aoooiding to the invention in which the 
tube 1 5 conprises a single axial groove 1 6 at the lower 
side of the tube 15 and a set of lou axial grooves 17, 
18. 19 and 20 at the upper side of the tube 15. 
[0024] The grooves 16 and 17 and 20 have been 
macNned in the inner wall of the tUbe 15 and the 
(^ooves 18 and 19 have been machined in the outer 
wall of the tube 15. 

[0025] The relatively iNn wall parts of the tube 15 
adjacent to the grooves 1 6^ fonn wafl areas which are 
more flexfol e than other parts of the tiise 1 5. The groove 
pattern shown n Rg. 3 allows the waB segment 
betwew the grooves 17 and 20 to be folded inwardy wi 
the direction of anow 21 such that the tube 15 obtains 
tfie folded shape shown in Rg. 4. 
IP026] Fig. 4 shows that on folding of the tube 15 a U- 
shaped recess 22 is formed kv the wall-segment of the 
tube 15 between the sal off lour grooves 17-20 at the 
upper side of the tube 15. The two relatively big waH 
segments of the tube 15 between the groove 16 at the 
lower side and the two outer grooves 17 and 20 at the 
upper side of the tube 15 thereby pivot towards each 
other about the plastic Nnge formed the at the bottom of 
the tube 15 near the groove 16. 
[0027] The tube 15 shown in Fig. 4 can be urtfdided by 
moving an eoqpansion mandrel in axial cfirection through 
the tube 15 and^or by inflating the tube 15. 
10028] The unfolded tube 15 then obtains its cylindri- 
cal shaoe as is shown in Fig. 3 and the conftguration of 
parallel (rooves 1 6-20 wiS than lock the tube 1 5 since 
the wall segments between the grooves 16-20 form 
arches which win be subject to hoop stress H the 
hydraulic pressure outside tt>e tjbe 1 5 is higher than the 
hydraulic pressure msade the tut)e 15. 
[0029] Rg. 5 shows a foldable tube 25 which is Similar 
to the foldable tube 15 shown m Figs. 3 and 4 'nside a 
main well 26 in which a weD casing 27 has been 
cemented in placa 

[0030] The main well 26 passes through an under- 
grouxi formation 28 and a branch wen 29 has been 
dnUed through a window 30 in the well casing 27 later- 
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a&y away from the main well 26 into the formation 28. 
[0031] The tube 25 is made of steel and comprises a 
single groove 31 at Its Imrer side and a set of four 
grooves 32-35 at its t<3per side. A branch tiA)ing secti^ 
36 has been welded to the waB seflpnent of the tube 15 
between the grooves 31 and 32 around a window 37 
that has been macNned in the wall of the tube 25. 
[0032] The tiA)e 25 has been moved in its folded con- 
tracted position through the main wefl 26 unta the 
branch tiixng section 36 is located acQacent to the 
entrance of the branch weO 29. 
[003^ Then the tube 25 is expanded by an expansion 
mandrel into its cylindrical shape, which is iHustrated by 
broken Enes 38 such that branch tJoivg section 36 
is pushed through the window 30 in the wel casing 27 
into the branch weO 29 as illustrated by broken Ines 39 
andthe arrow 40. 

[0034] An elongate breatableconta&ier 41 containing 
a seating agent is arranged witNn the deHa^shaped 
recess tbrnied between the set of tour grooves 32-35 at 
the upper side of the tube 25 which container is 
squeeeed between the inner wall of the wen casing 27 
andtheouterwalof the tube 25 if the tube is unfolded 
to its cyfindrtoal shape 38. The seaRng agent is thereby 
squeezed into the annular space surrounding the 
unfolded tube 25 and the branch tubing segment 39 and 
provides on curing an adequate seal which also fixes 
the unfolded tube 25 and branch tubing section 36 
inside the main and the branch wells 26 and 29. 
[0035] Rg. 6 shows a folded tLA>e 41 which has a set 
of four grooves 42. 43. 44 and 45 at its upper side and a 
singlfo tubular hinge 46 at Its lower sada 
[0036] The tubular hinge 46 provides an area where 
the wal of the tube is more todble than the other parts 
of the tube 41 . apart from the areas of the tube 41 adja- 
cent to the grooves 43^. 

[0037] The tufciUar hinge 46 provides moreover an 
area where the waB of the tube can be deformed in dr- 
cumferential direction during the unfbkfing procedure 
[00381 After con^pletion of the unfokfing procedure the 
interior 47of the tUbiiar Nnge 46 can be fined with afil- 
irxi agent which provides support and f ixes the tidxiiar 
Mnge 46 in its expmSed position. The interior 47 (rf the 
tUbitar Nnge 46 may also contain electric or hydrauRc 
oondUte tor transmisston of electrto andfor hydraulic 
power and^or signals along the length of the tube 41. 
[0039] Fig. 7 shows an embodiment of the foMabte 
tube aocorcfing to ttie invenfon where the tuk>e SO com- 
prises at its upper side three mutually pandlel axial or 
hdical grooves 51. 52 and 53 which define three plastic 
hinges that allow the upper side of the tube 50 to be 
folded inwaidty as iHustrated by ftfiantom lines 54 and 
arrows 55. 

[0040] After the upper side of the tube 50 has been 
folded inwardly the outer width of the lower side of the 
tube 50 can be reduced as iBuslrated by arrows 56 by 
puBtng a circumferential or he&cal wire (no« shown) 
around the thus folded tube 50. 



[0041] The tube 50 is then unfolded by increasing the 
hydraulic pressure in the interior of the tube 50 which 
breaks the wire and induces the tube 50 to unfold into its 
cylindrical shape shown in Rg. 7. 
5 [0042] Fig. 8 shows an embodiment of the fofoable 
tube acoofc^ to the inventfon where the foUed tube 57 
has a delta-Shape and comprises at each corner a 
delta-shaped recess 58. 

[0043] Each delta-shaped recess 58 is fonned by 
10 bencfing the tips of the legs of a U-shaped recess 
towards each other and each recess is def ined by a set 
of four plastic Nnges 59. 60, 61 and 62 where the wall 
of the tube 57 is more flexible than at other parts of the 
tube 57. 

15 [0044] The tube 57 is unfolded by increasing the 
hydrauBc pressure In ttie htertor 63 of the tube 57 which 
causes ttie tube 57 to eoqpand in the directfon of the 
anows 64 80 that the recesses 58 are removed. By fur- 
ther increasing the hydraufic pressure in the interior 63 
20 of the tube 57. the tube 57 is brought into a cylindrical 
shape (not shofvn). 

(0045] Fig. 9 shows a tube according to the inventfon 
where the tube 65 comprises a set of four axial plasti- 
cally deformaUe hinges 66. 67. 68 and 69 at its upper 
25 skfe and also a set of four axial plastically detormable 
Nnges 70. 71. 72 and 73 at its tower skta 
[0046] Each set of four hinges 66^ and 70-73 
defines a delta-shaped recess 74 and 75. respectively. 
[0047] The two hinges 66 and 69 at the top of the 
90 folded tube 65 and also the two hinges 70 and 73 at the 
bottom of the tUbe 65 have been brazed together. The 
thus formed brazed joints 76 and 77 aeated a seal 
between the interior of the delta-shaped recesses 74 
and the exterior 78 of the tube 65. 
95 P048] Thetube65issUtabletobeusedinitsaius^ 
Irated folded shape as a dria Pipe where driKng nwd is 
punped through the interior 79 of the tube 65 and 
through the delta-fihaped recesses 74 and 75to aMI 
kxt (not shown). 
40 [0049] After a borehole sectfon has been draied a cas- 
ing is then aeated by inflating the tube 65 using a Ngh 
pressure fluid or expanston mandrel (not shown) so that 
the brazed joints 76 and 77 break open and the tube 65 
unfolds into its cyfindrical shape as Ihistrated by arrcws 
45 80. The drill bit is then pulled to surface on a wireSne or 
coiled tubing passing through the interior 79 of the 
eo^nded tifoe 65. 

10050] The tube 65 and also the tube coflfigufations 
iBustrated in the other drawings can be spooled around 
50 a reeling drum in their folded shape and reeled from the 
drum into an underground borehole to provide a lining of 
the borehole wan or Inside a corroded or damaged well 



100511 The wsdis of the tube according to the mventton 
65 may comprise sieve openings of a predetenrnined size 
so that the tube provides a weB screen which is towered 
into the borehole in its folded shaped and then unfolded 
downhole by moving an expansion mancfrel through the 
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tube or by inflating a balloon in the interior o« the tii^e. 
The unfokfing procedure does not vary the sie^ open- 
ing size 80 that unfolded tube provides a sandeaeen 
with a well defined sieve opening siza 

Ctaims 



9. 



that the branch tube is positioned at the entrance of 
the branch well near the branchpdnL 

The foUabie tube of daim 1 wherein the tube is 
made of steel. 



IS 



20 



A fbldable tuk>e comprising a tubular waO having at 
least three elongate relatively flexible areas where 
the wa8 is more flexible than other areas o< the wan. 
which areas are oriented in a substanbally paraHel 
dtredion relative to each other along at least a sU>- 
stantialpartofthe length of the tube so that in use 
said areas from plastic hinges which define a wQ 
se^nent that is inwardly foUable 10 bring the tube 
into a contracted shape. 

The Mdable tube of daim 1 wherein said relatively 
flexft)le areas are formed by through-shaped 
gRXives in the wall of the tUbe, whkh grooves are 
oriented in a parallel or helcal dredion relative to a 
longitudinal axis of the tube. 

The Ibldable tube of daim 3 wherein at least one set 
of four grooves is arranged in the wal of the tube 
such that each set of tour grooves defines a tube 
segment that can be folded as a delta- or U-shaped 
recess inwaidly into the tuba 

The fdddMe tube of daim 3 wherein two sets of four 
grooves are arranged symmetrically at opposite 
sides of the tube such that H the tube Is fblded into 
a contracted shape two delta- a U-shaped 
recesses are formed at opposite sides of the tube. 

. The fokWble tube of daim 3 wherein a single 
groove is anBnged in the inner ran at one side of 
the tube and a set of four grooves is arranged at an 
opposite side of the inner waD of the tube. 

w The Ibldable tube of daim 5 wherein a branch tube 
is.seoured around a window ffi the waB of the tube 
wNch window is located between said single 
groove h said one haH of the tube and an a^acent 
groove of said set of four grooves at said opposite 

side of the tuba 



The foMable tube of any preceding daim wherein 
the fdldable tube is a wen tubular which is insertaUe 
in a contracted shape into the weO and expandable so 
downholeintoasubstanfiallycyfindrical shape. 



ia The fbldable tube of daim 1 wherein the tube is 
made of a plastic material. 

10 11. A method of pladng a foldaWe tube according to 
daim 1 in a tubular cavity, the method comprising 
inserting the tube folded in its contracted shape into 
> the cavity, unfolding the tube into its substantiany 
cyfindric^ shape at a seleded location witNn the 
cavity and securing the tube witNn the cavity. 
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12. The method of claim 11 wherein the tube com- 
prises at least one set of fou grooves aoooRfing to 
daim 3 which grooves defme a delta- or U-shaped 
recess when the tube is inserted into the cavity and 
a tUxiar contaner containing a sealhg agent is 
arranged witNn said recess when the tube is 
inserted into the cavi^. which container is 
squeezed and breaks open as a result of the 
UTfokfing cA the tube within the cavity and seaRng 
agent is released into the annular space between 
the unfolded tube and the wall of the cavity, which 
seafing agent is then aOowed to aeate an anraiar 
seal between the unfolded tube and the cavity wan. 

13. The method of daim 11 wherein the tube is 
unfdded by inserting a seaing plug at one end of 
the tU>e and pumping a high pressure fluid into the 
other end of the tuba 
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8. The loWable tube of daim 6 wherein the tU)e is a 
weQ casing at a branchpoint in an underground wen 
and the branch tube forms part of a well casing or ss 
liner VY a weU branch, and the tube is insertable m a 
contracted shape into the well and expandable 
downhde into a substantially cylindrical shape such 
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Fig.3. 




Fig.4. 
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